TSG-RAN Working Group 4 (Radio) meeting #52bis
R4-093619
Miyazaki, Japan, October 12 - 16, 2009
Source:
Kyocera
Title:
Network Assisted Home eNodeB Transmission Power Control in Downlink
Agenda item:
7.6 FDD HeNB RF Requirements [HeNB-RF_FDD]
Document for:
Discussion
1. Introduction

In co-channel Home eNodeB (HeNB) deployment, HeNB can cause significant interference to Macro eNodeB (MeNB) [1][2]. Interference mitigation scheme for HeNB should be developed to get significant improvement in coverage and spectrum efficiency from HeNB deployment. This contribution deals with the downlink interference problem where HeNB interferes to UE connecting to MeNB (MUE). This is classified as the scenario No. 3 “downlink interference: HeNB Tx to MUE Rx” in [3].

The downlink interference from HeNB to MUE becomes severe when a MUE is located near HeNB. To mitigate this interference, HeNB self transmission power control (TPC) method was proposed in [4] (This is originally proposed for Home NodeB [5][6]). In that algorithm, HeNB decreases its transmission power in order to maintain the SINR of a virtual MUE, who is assumed to locate near the HeNB, at a certain value. This method, however, decreases HeNB transmission power more than necessary to mitigate the interference if the MUE does not exist near the HeNB. As the result, the throughput of UE connecting to HeNB (HUE) significantly decreases. One possible solution to overcome this drawback is that HeNB detects whether MUEs are in the vicinity of the HeNB [7]. However, this method has the difficulty to detect idle mode MUE.
In this contribution, we assume the availability of the interface between MeNB and HeNB, and investigate the network assisted HeNB TPC where MeNB sends a request message that controls HeNB transmission power to the HeNB via network such as X2 interface, in order to mitigate the interference from the HeNB to MUE located at the vicinity of the HeNB, based on the measurements from the MUE. This TPC is a realization of the concept of network assisted TPC proposed for Home NodeB [8]. Our result shows that the availability of the interface between MeNB and HeNB allows to mitigate dominant interference from HeNB to MUE.
2. Network Assisted HeNB Transmission Power Control

The proposed network assisted TPC is described in this section. HeNB transmission power is controlled by a request message from MeNB via network such as X2 interface (Fig. 1). The detail algorithm is the below.
1. MeNB periodically detects a MUE who is strongly interfered by HeNB using MUE measurements report. MUE is judged to be strongly interfered by HeNB if the following inequality is satisfied 
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 is the received power of reference signal from HeNB measured by the MUE, and 
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 is total interference (including thermal noise) at the MUE, respectively. 
This step intends to avoid unnecessary HeNB transmission power reduction, which leads severe degradation of HUE throughput in despite of little gain in MUE throughout.
2. If MeNB detects a MUE who is strongly interfered by a HeNB, MeNB sends the decreasing ratio of HeNB transmission power to the HeNB via network in order to maintain an SINR of 
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 dB for the MUE, taking into account the additional interference from the HeNB (If impossible, MeNB requests zero transmission power to the HeNB).

3. If MeNB does not need the suppression of HeNB transmission power, MeNB sends the increasing ratio of HeNB transmission power to the HeNB via network; the increasing ratio is determined to maintain an SINR of 
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 dB for the MUE taking into account the additional interference from the HeNB.
4. HeNB determines own transmission power according to the minimum value of the requests from MeNB. The maximum and minimum values of HeNB transmission power are 
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 and 
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 dBm, respectively.
We set the parameters to 
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 (The suburban model is assumed. The detail is referred to the section 3).
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Fig. 1: Schematic diagram of the network assisted HeNB TPC
Notice that the proposed network assisted TPC is expected to be robust for receiving delay in HeNB because no attempt is made to use the fast channel fluctuation. 

3. Simulation Model

Here we show the simulation assumptions and parameters in table 1 – 4. The suburban model defined in [9] is applied but the marked items are changed from [9]. 
Table 1. Macrocell system assumptions
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	500 m

	Number sites
	7 (=21 cells) with wrap-around.

	Carrier frequency
	2000 MHz

	Distance-dependent path loss
	See section 5.2 in [9]

	Shadowing standard deviation
	8 dB (see section 5.3 in [9])

	Shadowing correlation
	Between cells
	0.5 (fixed, see section 5.3 in [9])

	
	Between sectors
	1.0 (see section 5.3 in [9])

	Penetration loss (assumes UEs are indoors)
	20dB (see section 5.2 in [9])

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See section 5.1 in [9]

	Number of BS antennas
	1Tx

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Number of UE antennas
	2 Rx

	Total BS Tx power (Pout)
	46 dBm

	Inter-cell Interference modelling
	Explicit modelling (all cells occupied by UEs)

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Traffic model
	Full buffer with 10 Macro UEs per sector (Distribution of Macro UE is defined in Table 3.)

	Minimum distance between UE (Macro UE and HeNB UE) and cell
	>= 35 m

	UE speeds of interest
	3 km/h

	Fading model
	Ray based

	DL receiver type
	MRC

	Number of symbols for PDCCH
	3


Table 2. HeNB system assumptions

	Parameter
	Assumption

	HeNB Frequency Channel
	Same frequency and same bandwidth as macro layer

	Min separation UE to HeNB
	20 cm

	Minimum separation HeNB to macro BS
	35 m

	Number of Tx antennas HeNB
	1

	HeNB antenna gain
	5 dBi

	Exterior wall penetration loss
	20 dB (See section 5.2 in [9])

	Path loss model
	See section 5.2 in [9]

	Log-normal shadowing standard deviation
	4 dB

	Noise figure HeNB
	8 dB

	Min / Max Tx power HeNB
	-10 / 20 dBm

	Number of symbols for PDCCH
	4


Table 3. Suburban HeNB modelling parameters

	Parameter
	Value

	House size
	12 x12 m

	House + Lot size
	(12f) x (12f) m where f = sqrt(1+p) and p is the ratio of outdoor HeNB UE

	Probability of HeNB UE being outdoors
	10 %

	Number of active HeNB UEs per femtocell
	1

	Distribution of HeNB houses
	Random uniform within macro coverage area, subject to minimum separation to macro BS and non-overlapping constraint (Don’t allow HeNB houses + lots to overlap).

	Distribution of HeNB UE within HeNB house
	Random uniform, subject to minimum separation to HeNB

	Distribution of HeNB within HeNB house
	Random uniform

	Distribution of Macro UE
	Random uniform within macro coverage area, subject to minimum separation to macro BS. If a macro UE is within HeNB house, the macro UE is indoors, otherwise outdoors.


Table 4. Other simulation parameters

	Parameter
	Value

	Carrier bandwidth
	10 MHz

	Scheduling algorithm (MeNB and HeNB)
	Proportional fairness

	Link to system mapping
	EESM, same 
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 value for all MCS


4. Simulation Results
Figures 2 – 5 show the simulation results. The results are averaged over 10 trials. We compare the network assisted TPC, HeNB full transmission power and the self TPC proposed in [4]. In the self TPC, HeNB transmission power is periodically updated as follow.
1. HeNB measures RSRP and SINR from the nearest neighbor MeNB, which has largest RSRP among the neighbor MeNBs. 
2. HeNB transmission power is determined to maintain an SINR of 
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 dB for a virtual MUE located 
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 dB away from HeNB in the reverse direction of the MeNB.
3. If the condition above could not be met, HeNB Tx power at the minimum value (
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 dBm).

Notice that the parameters are set to be different from original values as 
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, and the interference management for other HUE is ignored since we consider the suburban model. 
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Fig. 2: MUE throughput cumulative distribution function (CDF) (HeNB density is 20).
The right figure is a zoom of the left.
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Fig. 3: HUE throughput cumulative distribution function (CDF) (HeNB density is 20).
The right figure is a zoom of the left.
Figure 2 and figure 3 indicate the follow. Compared to the result of HeNB with full transmission power, the network assisted TPC and the self TPC improve the throughput of MUE who is significantly interfered by HeNB (The black solid curve versus the blue and pink curves in Fig. 2). At the same time, the network assisted TPC can achieve almost same HUE throughput as HeNB with full transmission power, whereas the self TPC drastically decreases HUE throughput (The blue and black curves versus the pink curves in Fig. 3).
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Fig. 4: HeNB Tx power cumulative distribution function (HeNB density is 20).
Figure 4 shows that 98% of the HeNBs reach the maximum transmission power (20 dBm) in the network assisted TPC, whereas more than 50% of the HeNBs are suppressed at the minimum transmission power (-10 dBm) in the self TPC. The network assisted TPC effectively controls HeNB transmission power although the self TPC decreases HeNB transmission power more than necessary. 
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Fig. 5: Throughputs of MUE (left) and HUE (right)

The solid and dashed curves represent mean and 5 percentile respectively.
Figure 5 shows the behaviour of MUE and HUE throughputs with respect to HeNB density. MUE throughputs decrease slowly for all TPC. HUE throughputs of the network assisted TPC and HeNB with full transmission power are much higher than that of the self TPC (In particular, 5 percentile HUE throughput of the self TPC decrease to zero). Unfortunately, 5percentile HeNB throughput (This mainly corresponds to outdoor HUE) becomes very small value as HUE density increases. 
From these results, it has been shown that the network assisted TPC mitigates dominant interference from HeNB to MUE in the vicinity of the HeNB, with almost same HUE throughput as HeNB with full transmission power.

6. Conclusions

In this contribution, we assumed the availability of the interface between MeNB and HeNB, and investigated the network assisted HeNB TPC where MeNB sends a request message that controls HeNB transmission power to the HeNB via network such as X2 interface, in order to mitigate the interference from the HeNB to MUE located at the vicinity of the HeNB, based on the measurements from the MUE. The simulation results showed that the network assisted TPC can mitigate dominant interference from HeNB to MUE in the vicinity of the HeNB, with high mean HUE throughput (almost same as the result of HeNB with full transmission power). Although this contribution focused on TPC, LTE has an alternative approach; frequency allocation where different frequency is allocated to MeNB and HeNB. Hence it should be investigated which is best for HeNB interference mitigation.
Our result implies that the availability of interface between MeNB and HeNB allows to mitigate dominant interference from HUE to MeNB and hence provides significant improvement in coverage and capacity from HeNB deployment. It however requires some impact to the specifications.

Althought the time schedule of LTE Rel. 9 is quite tight [10], many issues about HeNB interference management still seem to remain. In particular, important open issues are whether X2 interface should be introduced to HeNB or not, if X2 interface is introduced, how large the impact of receiving delay on the performance of HeNB interference management will be, how effective HeNB interference management will be in heterogeneous network where several kind of base stations (Macro, Micro, Pico and Home eNodeB) or relays coexist. Therefore, we hope RAN4 will start to discuss the study of HeNB interference management for LTE Rel. 10 as soon as possible.
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